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Several studies have shown that the glomerular filtration rate
(GFR) is increased in insulin-dependent diabetic patients, not
only at the time of diagnosis but for many years until proteinuria
develops [1—4]. Reports on renal blood flow are less unanimous,
ranging from normal or slightly increased [1, 4] to subnormal
values [2]. Therefore, the increase in GFR is not accounted for
readily by an increase in renal blood flow; other explanations
have been considered. An increase of the glomerular filtering
surface area has been suggested [4].
However, the values for renal blood flow, as obtained by
clearance studies are based on the assumption that the extrac-
tion ratio for para-aminohippuric acid (PAH) is normal in
uncomplicated diabetes. The ratio has not been investigated
previously except in a single case, in which it was found to be
normal [5]. The aim of this study was to determine the extrac-
tion ratio for PAH in uncomplicated diabetes mellitus and its
relation to the degree of diabetes control (HbA1), 51Cr-EDTA
and PAH clearances, and acute changes in blood glucose levels.
The extraction ratios for 51Cr-EDTA and glucose were deter-
mined simultaneously.
Methods
The six patients participating in this study are listed in Table
1. Except for diabetes mellitus and one case of secondary
amenorrhea, the patients were healthy. On repeated examina-
tion as outpatients none had proteinuria, and there were no
signs of other complications. The ECG showed partial right
bundle branch block in one patient; in the other five it was
normal. Urine samples were sterile in all patients.
The investigation was approved by the local Ethical Commit-
tee. The patients volunteered to participate after receiving
thorough information about the purpose of the investigation and
the procedure.
The patients participated in a routine physical examination.
Their renal function was screened by means of '311-Hippuran-
renograms and measurement of residual urine volume. These
investigations were normal in all patients. Afterward, they were
admitted to the hospital, and on the following day, the renal
clearances of 51Cr-EDTA and PAH, as measures of GFR and
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renal plasma flow (RPF), were determined using the continuous
infusion technique and three 60-mm urine collection periods by
spontaneous voiding [6]. 51Cr-EDTA was measured in a scintil-
lation counter with an error of 1%. PAH was determined as
described by Brun [7]. Blood glucose concentrations were
assessed at the beginning and end of each of the three periods,
using the glucose oxidase-PAP method (Boehringer-Mannheim,
West Germany). HbA1 was determined by a chromatographic
method using columns manufactured by Blo-Rad Lab (Rich-
mond, California).
The renal extraction studies were performed the next day. A
catheter was inserted in each patient via the right femoral vein
into the right renal vein. The position of the tip was checked by
fluoroscopy and a determination of blood oxygen saturation. A
catheter was also inserted into the left brachial or radial artery.
Blood was withdrawn simultaneously from the two catheters on
three occasions, the first time with a low concentration of PAH,
the second 15 mm after doubling the infusion rate of PAH, and
the third 10 mm after infusion of 250 ml of 15% glucose solution
intravenously during 10 mm. The three sets of blood samples
were analyzed for 51Cr-EDTA, PAH, and glucose as described
previously.
Extraction ratios were calculated by dividing the arterio-
venous plasma concentration difference by the arterial plasma
concentration of each substance. As reference values for clear-
ance and extraction measurements, the data from Aurell [8] and
Granerus and Aurell [9] were used. Reference values for the
extraction ratio of 51Cr-EDTA are based on studies in our
laboratory of 14 kidneys which had a normal clearance rate of
51Cr-EDTA, normal renograms, and a normal extraction ratio
of PAH (Table 2).
Results
The HbA1 values are given in Table I. Mean SD for the
group was 11.8 1.9%. Three patients had an unsatisfactory
level of HbA1 (>11%), but there was no significant correlation
between HbA1 and any renal function measurements. The
results of the clearance studies are given in Table 3. 51Cr-EDTA
clearance was found to be in the high normal range in all
patients. The mean value was 113 5.9 ml/min per 1.73 m2, that
is, 9.7% higher than the reference mean value. The mean value
for PAH clearance was also in the high normal range, that is,
8.5% higher than the reference value, and hence the filtration
fraction was normal. Spontaneous variation in blood glucose
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a Reference values used were obtained from our laboratory.
Reference 8.
from period to period appeared not to influence the clearance
rates. However, very high blood glucose concentrations were
not recorded during the clearance measurements. The extrac-
tion ratios for 51Cr-EDTA, PAH, and glucose are shown in
Table 2. There was no difference in extraction ratios at the two
different levels of plasma PAH concentrations (see Methods);
mean values, therefore, are given in the table. The extraction
ratios for 51Cr-EDTA and PAH were not significantly different
from the reference values. There was a low hut significantly
positive extraction of glucose.
The infusion of glucose brought about an increase in blood
glucose, from an average of 8.4 6.9 mmoles/liter to 18.4 6.7
mmoles/liter. As shown in Figure 1, this increase did not
influence the extraction ratios of 51Cr-EDTA, PAH, or glucose.
Discussion
The group of patients studied was homogeneous and ap-
peared not to differ from other young patients with juvenile
onset diabetes of short duration. It was found that GFR was
about 10% higher than the reference value, which is in agree-
ment with one previous report [2] while others found an
increase by about 25% [1, 4]. The increased GFR is thought to
be an effect of prolonged hyperglycemia [2, 3, 10] and to be at
least partly reversible by control of the diabetic state [2, 3]. The
fact that the patients had only moderately increased GFRs
therefore may indicate that they had better long-term diabetic
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±1.6
3.2
control than the patients studied by the other groups. However.
it was not possible to find a correlation between HbA1 levels
and the renal function measurements.
The mean value for PAH-clearance was also increased by
nearly 10% in the patients. Because the extraction ratio for
PAH was normal in the patients, PAH-clearance was a valid
measure of renal plasma flow, Therefore, GFR and RPF were
both increased to the same degree in the present study. Corre-
sponding to the unchanged PAH extraction ratio, the extraction
ratio of 5tCr-EDTA was not increased significantly in the
diabetic patients.
The extraction ratios for 51Cr-EDTA, PAH, and glucose were
not influenced by acute increases in the glucose load that more
than doubled the plasma glucose concentration. The acute
response of 5tCr-EDTA and PAH-clearances to the glucose
load was not measured. But the fact that the PAH-extraction
ratio did not change speaks against an increase of blood how
because a decrease of the extraction ratio of PAH is a distinct
feature of an increase of the renal blood flow [11]. It seems
likely, therefore, that the unchanged extraction ratio for 51Cr-
EDTA also indicates an unchanged GFR in this situation.
Finally, the extraction ratio for glucose which was generally
very small and not influenced by a glucose load was measured.
The renal loss of glucose then seems to be of little importance in
the glucose homeostasis in response to moderate acute loading
in these patients.
Table 1. Selected clinical details of six patients with early insulin-dependent diabetes
Patient Duration Height Weight
no. Sex Age years cm kg BP
M 21 3 182 70 110/80
2 F 26 1 165 57 110/70
3 F 26 4 168 60 105/70
4 M 27 2 182 66 115/80
5 M 26 3 183 71 120/70
6 M 21 4 180 75 140/80
Table 2. Blood glucose and renal extraction ratios for 51Cr-EDTA, PAH, and glucose in six patients with early insulin-dependent diabetes
(mean of two determinations)
Extraction %
Patient no. PAtTI Glucose
94 3
2 91 3
3 96 3
4 93 2
5 93 3
6 94 5
Mean SD
24
93h
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Table 3. Blood glucose and renal clearances of 51Cr-EDTA and PAH (mean SD of three 1-hr periods) in six patients with early insulin-
dependent diabetes
Patient no.
Blood glucose
mmoles/liter
Clearance
Filtration
fraction
51Cr-EDTA
mi/mm
1.73 m2
PAH
mi/mm
1.73 m2
1
2
3
4
5
6
10.0 2.3
6.4 3.0
9.4 1.8
11.4 3.0
3.9 2.4
8.4 1.6
113 4
106 3
107 4
122 11
114 8
116 22
563 21
703 45
565 50
502 38
581 35
519 99
0.20
0.15
0.19
0.24
0.19
0.22
Mean SD 8.3 2.7 113 5.9 572 71 0.20 0.03
Reference values —
—
lO3a 527b 0.20'
—
The data was obtained from patients 25 years old [9], with correction for extrarenal clearance; renal clearance equals plasma clearance minus
3.7 mI/mm.
b Reference [8].
'The data is based on the findings of a and b
substances were not influenced by acute changes in blood
glucose level. The normal PAH extraction ratio indicates that
PAH clearance is a reliable estimate of RPF in early insulin-
dependent diabetes.
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Fig. 1. Blood glucose and extraction ratios for 5tCr-EDTA, PAH, and
glucose (mean SD) fl early insulin-dependent diabetes, before and
after infusion of 250 ml of 15% glucose solution during 10 mm.
Summary. Renal clearances and extraction ratios for 5tCr-
EDTA and PAH were studied in six young patients with insulin-
dependent diabetes. The duration of the disease was 1 to 4
years, and no patient had signs of diabetic complications.
Catheterization of the right renal vein and the left brachial
artery was performed. The extraction ratios for 51Cr-EDTA,
PAH, and glucose were determined at two different levels of
blood glucose. Clearance for 51Cr-EDTA was increased by
9.7% and for PAH by 8.5% compared to normal control
subjects while the extraction ratios for 51Cr-EDTA and PAH
were normal. Extraction ratio for glucose was very low. There
was no correlation between the individual HbA1 values and the
clearances for 51Cr-EDTA and PAH. Extraction ratios for these
